Objective. Test the Velopharyngeal Insufficiency (VPI) Effects on Life Outcomes (VELO) instrument for validity, reliability, and responsiveness.
Introduction
Quality of life (QOL) refers to judgment of value placed on patient's health-related experiences. Condition-specific QOL instruments are tailored to measure how the condition affects QOL and are better able to detect change than generic instruments. 1 Velopharyngeal insufficiency (VPI) affects speech, swallowing, and many psychosocial aspects of life in a way that is different from other conditions. Accurately measuring QOL in children with VPI is an area in need of further research. One condition-specific QOL measure for pediatric VPI is the VPI Effects on Life Outcomes (VELO) instrument. This instrument was developed to capture the effects of VPI on children's lives. While the initial instrument analyses have been encouraging, 2,3 further analyses on validity, reliability, and responsiveness are needed to better understand this new instrument's psychometric properties.
Validity of an instrument is its accuracy at measuring what it purports to measure, in this case the effects of VPI on QOL. Validity can be tested in a number of ways. A previous study of VELO demonstrated discriminant validity (ability to detect differences between patients with VPI and controls) and concurrent validity (correlation to a related validated QOL instrument). 2 Criterion validity is demonstrated when there is adequate correlation with the ''gold standard,'' to the extent that one exists. While no such gold standard criterion exists for VPI, perceptual speech analysis is the most widely used measure in diagnosis. 4 Construct validity is demonstrated when hypothesized associations between the instrument and related health states test positive. 5 Criterion and construct validity have not been reported for the VELO instrument, and they will help characterize the accuracy of this instrument to measure the effects of VPI.
Reliability of an instrument is the degree to which repeated iterations yield the same result. 1 More specifically, test-retest reliability measures score stability over a time period in which respondents are assumed not to change. Test-retest reliability is particularly important when the instrument will be used for serial measurements, such as before and after treatment. While previous analysis of the VELO instrument has shown adequate internal consistency 2 (another measure of reliability), test-retest reliability has not been reported for this instrument.
Responsiveness is an instrument's ability to detect meaningful within-person change in health status. 1 When a disorder has a treatment of known efficacy, responsiveness is demonstrated by significant change in the instrument score after the treatment. 6 The primary goals of this study were to test the VELO instrument for criterion and construct validity, test-retest reliability, and responsiveness in a prospective cohort of VPI patients. Secondary goals were to further test concurrent validity (with different self-reported measures) and internal consistency in this new cohort.
Methods

Study Subjects
This prospective cohort study enrolled new and established subjects with VPI at Seattle Children's Hospital VPI Clinic. English-speaking children (ages 3-22 years) with VPI were enrolled from January 2010 to February 2012. Exclusion criteria included severe intellectual disability (n = 3) or VPI surgery within 6 months prior to enrollment (n = 2). The study was approved by the Institutional Review Board at Seattle Children's Hospital prior to enrollment.
Subjects completed questionnaires during their VPI clinic visit or by mailed questionnaire (n = 6) within 6 months of their VPI clinic assessment. The first 40 subjects completed the same questionnaire by mail 2 weeks after the first questionnaire to assess test-retest reliability. Medical records were monitored to identify subjects' treatment dates. Follow-up questionnaires were obtained by mail 3 months after treatment to assess responsiveness.
Patient-Reported Outcomes
The VELO instrument is a VPI-specific quality-of-life measure. Its precursor VPI Quality-of-Life instrument is a 48-item questionnaire originally developed from focus groups (which provides face validity). The VPI Quality-of-Life instrument was modified to reduce burden and refine questions, resulting in the VELO instrument, which was then tested for internal consistency, discriminant validity, and concurrent validity. 2 VELO includes a 26-item parent version (VELO Parent) and a 23-item youth version (completed by children 8 years and older, VELO Youth). Both can be found in the online appendix (available at www.otojournal.org). Respondents are prompted: ''In the past four weeks, how much of a problem has your child had with: [. . . ].'' The response format is a 5point Likert-type scale ranging from never (0) to almost always (4) . The total score ranges 0 to 100, with 100 representing the highest QOL. Subscales are scored similarly.
The Pediatric Voice Outcomes Survey (PVOS) is a 4-item, voice-specific functional status measure validated in a general pediatric otolaryngology population 7 and found to be responsive to change with VPI surgery. 8 The Pediatric Voice Related Quality of Life (PVRQOL) survey is a 10-item voice-specific instrument studied in a pediatric otolaryngology population and found to be reliable and valid. 9 Both instruments are scored from 0 to 100, with higher score representing better QOL. QOL was also measured with 100 mm visual analog scales (VAS) on speech, swallowing, and situation and social interactions. Subjects rated how much of a problem each was on a 100 mm VAS with anchors of none (0 mm) and severe (100 mm). VAS is a validated and widely utilized measurement modality 10, 11 and is well suited to measuring unidimensional outcomes. VAS-combined was the mean of the three scales. The questionnaires also included patient reports of related medical conditions, including a congenital syndrome, cleft palate (with or without cleft lip), or hearing loss.
VPI Management
Pediatric speech and language pathologists conducted perceptual speech analysis with a standardized inventory. 12 VPI severity was rated as none, minimal, mild, moderate, and severe, as was speech intelligibility deficit. Nasal endoscopy was performed by a pediatric otolaryngologist, and velopharyngeal gap was rated on a 4-point ordinal scale (none, mild, moderate, and large). Nasal endoscopy measures have good reproducibility (r = .86). 13 The management algorithm has been previously discussed 14 and is not the focus of this study. Treatment options included Furlow palatoplasty, sphincter pharyngoplasty, or obturator. Obturators were considered ''treatment'' when the speech and language pathologist felt the VPI was adequately treated.
Data Analysis Validation
The primary criterion and construct validation analyses used correlations to test the associations between VELO scores (total score and subscale scores) and other measures.
Spearman correlation was used when the other measure was on an ordinal scale, and Pearson correlation was used when the other measure was on a continuous (or near-continuous) scale. A priori, we considered a correlation r . .40 as substantial enough to support validity because this correlation equates to a coefficient of determination of . 16 , which means more than 15% of the variance of VELO scores are related to or explained by the other measure.
Criterion validity was tested primarily with the correlation between VELO total score (0-100) and VPI severity measured on perceptual speech analysis (none, minimal, mild, moderate, or severe). The VELO-speech subscale was also correlated with VPI severity to provide subscale criterion validity. While the VPI severity on perceptual speech analysis is not truly a gold standard, it is the most widely used measure.
Construct validity was tested primarily with 2 hypothesized associations, namely, the correlation between VELO total score and (1) speech intelligibility deficit (function construct) and (2) velopharyngeal gap (anatomic construct). We also hypothesized secondarily that the VELO total score would be lower in patients with a syndrome, cleft palate, or hearing loss, with each tested with the Student t test. Related VELO subscales were also tested for association with these constructs.
Concurrent validity was also tested as a repeat analysis from the original VELO study, 2 but in this new cohort and with different self-reported health status and QOL measures. VELO total score and related subscales were tested for positive correlation with PVOS, PVRQOL, and VAS-combined (QOL constructs).
Reliability
Test-retest reliability between baseline and 2-week scores was tested with the intraclass correlation (ICC) in the first 40 patients. A correlation greater than .60 (substantial agreement) was deemed adequate. 15 Cronbach's alpha was calculated using baseline data on all subjects to assess internal consistency of VELO total score as well as subscales as a repeat of the analysis performed previously in the original VELO study. 2 A Cronbach's alpha . .70 is considered acceptable. 16 
Responsiveness and Analysis of Effects
In subjects who received treatment, responsiveness of VELO and other QOL instruments were tested with the 2sided paired t test for change from baseline to 3-month posttreatment score. Significance level (alpha) was set at .05 for all analyses. Effect size (Cohen's d) was used to compare instrument performance and was calculated by dividing the change in total score after treatment by baseline standard deviation for each instrument and subscale. 17 Effect size of .20 was considered small but clinically important, .50 was considered medium, and .80 was considered large. 18 
Results
We enrolled 84 subjects with mean age of 7.1 years, ranging from 3 to 20 years. The age distribution was skewed to young subjects with n = 61 (73%) less than 8 years. The racial distribution is largely Caucasian, and cleft palate with or without cleft lip comprises 60% (n = 52) of the study subjects ( Table 1) . 
Criterion Validity
The association between VELO Parent and VPI severity (r = -.18, P = .10) among all age subjects came close but did not reach statistical significance. Among subjects younger than 8 years, VELO Parent total was associated with VPI severity (r = -.26, P = .05, Table 2 ), but also below -.40. Among subjects 81 years, VELO Parent total and VELO Youth total both were not associated with VPI severity (P = .88 and P = .89, respectively). There were limited subjects age 81 with moderate (n = 3) and severe (n = 3) VPI. Box plot of VELO Parent total versus VPI severity showed less variability in VELO Parent total among those with worse VPI and association not quite reaching statistical significance ( Figure  1A , P = .09).
Construct Validity
VELO Parent total score was associated with speech intelligibility deficit (r = -.37, P = .001, Figure 1B ) among all age subjects, but below the 20.40 validation threshold. Among subjects younger than 8 years old, VELO Parent total was associated with speech intelligibility (r = -.48, P .001, Table 2 ). Among subjects 81 years, VELO Parent total and VELO Youth total both were not associated with speech intelligibility (P = .38 and P = .12, respectively).
VELO Parent total score was associated with velopharyngeal gap (r = -.57, P \ .01, Figure 1C ) among all age subjects. Among subjects 81 years, VELO Parent total and VELO Youth total both were associated with velopharyngeal gap (r = -.48, P = .03 and r = -.49, P = .05, respectively). Secondary subscale results are reported in Table 2 . Secondary tests of medical construct validity are summarized in Table 3 .
Concurrent Validity
VELO Parent and VELO Youth total scores were associated with PVOS, PVRQOL, and VAS-combined ( Table 2) . Most of the VELO subscales were associated with the selfreported measures ( Table 2) .
Reliability
VELO Parent total showed excellent test-retest reliability (ICC = .85, P \ .001). VELO Parent subscales and VELO Youth total and subscales had similar reproducibility ( Table 4) . PVOS had adequate test-retest reliability (ICC of .62, P \ .001) and the PVRQOL instrument had good test-retest reliability (ICC = .72, P \ .001). Reliability was similar for subjects over and under 8 years old (data not shown). All instruments demonstrated acceptable internal consistency ( Table 4 ). 
Responsiveness and Analysis of Effects
Follow-up questionnaires were obtained in 29 of 36 (81%) subjects receiving VPI treatment. Treatment included Furlow palatoplasty (n = 20), sphincter pharyngoplasty (n = 14), or obturator (n = 2). VELO Parent total mean (SD) score improved with treatment from 54 (14) at baseline to 70 (18) posttreatment (P \ .001). The effect size was 1.1 (large effect) for the VELO Parent total. Most VELO Parent subscales also showed improvement ( Table 5 ). VELO Youth total mean (SD) score improved with treatment from 60 (24) at baseline to 81 (16) posttreatment (P = .02). This resulted in an effect size of .9 (large effect) for the VELO Youth total. The study was underpowered to identify a change in VELO Youth subscales ( Table 5 ). The other selfreported outcome measures showed significant improvements with medium effect sizes ( Table 5 ).
Discussion
Most previous VPI studies have utilized postoperative perceptual speech analysis or velopharyngeal closure as their primary surgical outcomes. There is a paucity of studies utilizing patient-reported outcomes of validated conditionspecific functional status or QOL. This study provides validation, reliability testing, and responsiveness testing of the VELO, a condition-specific quality-of-life instrument that can be used in future studies of patients with VPI. While our criterion validity correlation did not reach the -.40 validation threshold, there is an association among subjects under age 8 years old. Box plot of VELO Parent total score by VPI severity shows that subjects of any severity can have a low VELO (QOL), though subjects with more severe VPI are less likely to have a high VELO score. There was no association among subjects 81 years old. This finding may be due to very small samples of subjects with moderate (n = 3) and severe (n = 3) VPI and high incidence of prior VPI surgery (46% among those 81 years, 11% among those \8). Subjects who had prior treatment may have a different QOL for a given VPI severity than untreated subjects. While VPI severity is an important aspect of assessment, speech intelligibility was hypothesized to be a better overall assessment of speech dysfunction. The association between speech intelligibility and VELO Parent total score was present in younger subjects but not among older subjects. Given the overall functioning of the VELO measured here, the weak correlation with VPI severity highlights that VPI severity is not an adequate proxy for QOL, so QOL should be measured directly in these patients.
Anatomic construct validation tested the correlation between VELO score and velopharyngeal gap on endoscopy. VELO score was associated with nasendoscopy findings among older subjects, but not among younger subjects.
Examination of the box plot shows similar association between VELO score and velopharyngeal gap as discussed previously with VPI severity. Subjects with any size of velopharyngeal gap, including those with a small gap, can have low QOL (VELO). While both nasal endoscopy and perceptual speech analysis are essential in assessing patients with VPI, perceptual speech analysis results have better correlation with QOL in young children, while nasendoscopy may be better in older children. This could be due to difficulty with the nasal endoscopy exam in young children or that nasal endoscopy is better at identifying residual VPI after treatment. While presence of a gap may be identified, differences in the young children's effort may also explain some of the difference in associations. Analysis in an independent sample and agespecific reliability of these measurements would also help understand the association seen here.
Perceptual speech analysis and nasendoscopy measure speech and anatomy, not quality of life. To understand these subjects' overall QOL and to test concurrent validity, QOL was measured in a variety of ways. Both VELO Parent and VELO Youth correlated well with these measures. VELO was previously shown to correlate with a generic pediatric QOL, the PedQL (r = .73), providing evidence of its concurrent validity. 2 In the current study, the VELO also correlated well with 2 previously developed instruments (PVOS and PVRQOL) as well as the VAS-combined. The correlation of these QOL measures was similar across age groups, further highlighting the potential differences in speech and nasendoscopy assessment by age.
While the VELO total score attempts to measure overall QOL, monitoring subscale scores provides insight into the nuances of how VPI affects these children and how treatments are able to improve their QOL (the long-term goal of developing the VELO). Subscale concurrent validity also tested VELO subscales to a variety of specific measures. The correlation between VELO subscale and respective measures largely followed the hypotheses. While VAS may not be an ideal overall measure, they provide adequate measures for subscale validation purposes. The VELO situational difficulty and emotional impact did not reach the validation threshold correlation of .40 among younger children, but the subscales did show some level of association. The level of association could be due to limitations of the 1-item VAS's ability to measure the complex construct of the psychosocial aspects of QOL. This could also be due to limitation of proxy assessment of psychosocial aspects of QOL in young children.
The study initially enrolled subjects with newly diagnosed VPI, but age was skewed to young subjects. To ensure the VELO would be validated in older children, the protocol was changed to include subjects with VPI after prior treatment. The study ended with an adequate sample of children from ages 8 to 20 for validation. Differences between the associations here highlight the need to include children in the assessment of QOL and not rely solely on parent proxy reporting.
The VELO total score as well as each of the subscales were shown to have excellent test-retest reliability and internal consistency. This assessment is particularly important as the VELO is intended to measure change in QOL with treatment.
Treatment (surgical and obturator) improved VELO score, showing that the VELO Parent instrument is responsive to change in QOL. The subscales similarly showed responsiveness, except for VELO perception by others subscale. The effect size was large (..80) for the total VELO and several subscales. While the sample size was small (n = 5), VELO Youth also improved with treatment. VELO outperformed the other QOL instruments on responsiveness and effect size, suggesting VELO may be better suited for detecting small changes in VPI-specific QOL. The smaller effect size on the perception by others and emotional impact subscales (both parent and youth report) may reflect slow improvement in psychosocial indicators. Additional studies following patients with VPI after treatment will help to determine if improvement continues to occur and when it stabilizes.
Minimal important change analysis seeks to determine the smallest change that is important to patients 16 and helps to provide context for measuring change. We utilized an anchorbased method to define a group of subjects with minimal change (n = 2). The small sample size limited the interpretation of this analysis (data not shown). Future studies measuring VELO after a treatment with smaller effect may help provide a larger sample of subjects with minimal important change.
Accurately measuring condition-specific QOL is important for understanding current treatment and management of VPI. The VELO instrument provides a rigorously tested instrument to measure patient-centered outcomes in children with VPI. This work provides a foundation for future investigations of VPI treatment with a focus on a patient-centered measure. 
